Abstract. This study mainly focused on the rainwater availability assessment in Turtle Islands Park, Sabah, Malaysia. Consisting of three small islands, this marine park is home to two endangered turtle species -Green and Hawkbills turtles. This special feature of the islands attracts tourist around the world, thus increasing the demand of freshwater supply for tourism development in the marine park. However, due to the shortage of freshwater from the ground due to salinity intrusion, rainwater is seen to be an alternative in fulfilling the freshwater demand. To evaluate the source of freshwater in these islands, information is obtained from the main users of the water source, which are the Sabah Park officers, the approved tour operator on the islands and the security forces. The rainwater tanks available on the islands are calculated to assess the storing capacity of rainwater. The water demand was estimated by multiplying the number of visitors with the average water usage per visitor. With the existing water tanks, this study found that the Turtle Islands Park has the ability to store 414 m3 of rainwater in Selingaan island, 3.2 m3 in Gulisaan island, and 102.1 m3 in Bakkungan Kechil island. However, the monthly water demand of each island exceeds the existing storage tanks, hence it is proposed that the number of rainwater tanks be increased to harvest as much rainfall as possible for the use of the islands' inhabitants.
Introduction
Water supply is one of the key factors that determines the survival of human beings. Despite its role as a crucial resource, the World Water Council in 2010 projected that the demand for water within the next fifty years will increase based on a prediction of 40-50% population growth coupled with industrialization and urbanization [1] . Issues of water security involving water supply have become a subject of interest lately.
During the growing and urbanizing populations in Africa, Asia, and South America in the second half of the 20th century, rainwater harvesting had become one of the means of supplying water [2] . From the findings of the research conducted in Germany in the 1980s, rainwater harvesting practices decreases potable water demand by 30-60% of the average household through harvesting roof runoff for toilet flushing [3] . It is also estimated that the savings in potable water ranged between 0.27% to 19.7% by introducing rainwater harvesting system in residential sectors in Jordan [4] . Based on the results from the study by [5] , a reduction of 48 -100% in the residential sector's treated water demand can be seen in southeast Brazil by implementing rainwater harvesting. Even in city like Beijing with very dense population, harvesting all roof runoff for toilet flushing can reduce treated potable water demand by approximately 25% in residential buildings [6] .
There are two types of water usage categories -fixed and variable. Fixed water usage is normally used for maintenance irrespective of the number of guests, such as gardening and cleaning of pools, while variable water usage is related to guest occupancy, such as taking showers, toilet use, or laundry. The latter category of water usage is normally adopted in water availability study as this appears much more meaningful. To reduce the variable water usage by the guests, guest rooms, toilets, showerheads and faucet flow restrictors can be replaced with efficient ones. The use of dual flush, reduced flush and dry composting toilets can also significantly reduce water usage. For example, mini-flush uses only 1 liter of water as compared to the old models, which uses 12 liters of water. It is also possible to use recycled water to flush toilets and urinals [7] .
In the research conducted by [8] , it is found that the volume of water used for flushing toilets is 30% of the total volume of potable household water if assumed to be constant at daily rate. In this study, the volume used for toilet flushing is calculated based on three occupancy densities, thus providing three demand levels -low, medium and high. For a typical low density residential land use, toilet flushing demands 102 m 3 /year in northern Italy, 64 m 3 /year in central Italy and 47 m 3 /year in southern Italy. The findings from the study made by [7] showed that the direct use of water including taking showers, toilet flushing and the use of tap water will be approximately 136 per tourist per day (in guesthouses) to 186 litres per tourist per day (in hotels). In the similar study, [7] stated bathing has been highlighted as one of the main component in water usage per visitor in Australia.
This study seeks to assess the rainwater availability for tourism development in Turtle Islands Park, Sabah, Malaysia. The Turtle Islands consists of five small islands, with three of them lie in the Malaysian territory, namely Selingaan, Gulisaan and Bakkungan Kechil [9] . The map of the Turtle Islands Park is shown in Fig. 1 . With its unique tourist attraction as the laying ground of the endangered Green and Hawkbills turtles, it is estimated that the visitors to the islands could reach up to 14,000 annually [10] . Rainwater harvesting is seen to be an alternative source of fresh water for the inhabitants in the islands as it seems that the groundwater sources is depleting due to active groundwater pumping. [11] suggested that there is an occurrence of seawater intrusion in Selingaan island based on the high water conductivity and chloride concentration levels in their results. Hence, this study seeks to achieve three objectives, which are to assess the amount of rainwater that can be harvested in dry season, to estimate how much water is needed for the population in the island and to evaluate if the capacity of existing rainwater tanks can cater the demand of freshwater source in the island. Log Pearson Type III is used to analyse daily rainfall from the rainfall gauging site in the islands. The Sabah Parks office provided the monthly rainfall data for Selingaan, Gulisaan and Bakkungan Kechil from 1982 to 2010. However, it is duly noted that there is no rainfall data available in 1996 to 1997. Fig. 3 shows the comparison of mean monthly rainfall between the three islands and Sandakan rainfall station. During the site visit done in 27 th February to 3 rd March 2011, it was observed that rainwater tanks of various sizes have already been installed in the islands. The information on available rainwater tanks were gathered and compiled based on the information obtained from the Sabah Parks rangers and staffs, the security forces and the sole approved tour operator stationed in the islands. Groundwater supplies were not used extensively during the observation period, except in Bakkungan Kechil where water from wells were still used for bathing and other domestic use. Since the harvested rooftop rainwater was not treated, they were not used for drinking and cooking. Potable water sources instead, in the form of filtered water, were brought to the islands from Sandakan in a regular time frame. Table 1 summarizes the total number and capacity of rainwater tanks available in the Turtle Islands Park. Rainfall frequency analysis (also known as precipitation frequency analysis) was used to develop the design rainfall during dry season. The design rainfall in this context is the total amount of rain at which or below which the islands could provide sufficient water to satisfy the islands' inhabitants demand. This is normally assigned to a certain probability of occurrence. In this study, Log Pearson III was selected as it is one of the frequently used probability distribution for rainfall analysis in Malaysia. The design of rainfall based on Log Pearson III distribution is shown in Eq. 1 below:
where Q T is the probable rainfall with a return period of T years, Q ave is the average of all values, k' is the frequency factor and σ is the standard deviation of the rainfall data. The annual minimum series (AMS) for each rainfall duration was plotted using a Cunnane plotting position, defined as:
where T is the recurrence interval (return period), n is the length of record, m is the ranking of each value in the series and b is an input parameter (b=0.4 has been applied). As this study is looking into rainwater availability during dry periods, the non-exceedance scale is used to obtain probabilities. The non-exceedance scale is important because for extreme minimum rainfall analysis, T-year event is the value that will not be exceeded.
Results and Discussions
The rainfall frequency analysis was done using the 27-year rainfall data (in Bakkungan Kechil island) and 28-year rainfall data (in Selingaan and Gulisaan islands) obtained from the gauging stations in the Turtle Islands Park. The results of the analyses shown in Table 2 estimated that the 10-year recurrence interval was 2.24 mm in Selingaan island. This means that there is 10% chance of this value being less in one year. The 50-year return period in Selingaan island is given as 0.37 mm, which means there is a 2% chance of this value being less in one year.
To assess the availability of rainwater for the three islands in the Turtle Islands Park, the rainwater volumes were calculated using the results of the frequency analysis. Based on the Turtle Islands Park report published by [9] , it was stated that the area of Selingaan island was 8.1 hectares, Gulisaan island was 1.6 hectares and Bakkungan Kechil island was 8.5 hectares. However, this study, done in 2011, found that the islands area have changed, where Selingan island is now 7.8 hectares, Gulisaan island is 1.5 hectares and Bakkungan Kechil is 6.5 hectares. Hence, the assessment of rainwater availability has incorporated the latest island areas. Table 2 shows the rainwater volume for Selingaan, Gulisaan and Bakkungan Kechil with its corresponding recurrence interval.
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Modern Civil Engineering in Trend of the Sustainable Infrastructure Development Table 3 shows the results of the water demand calculations and total rainwater tank capacity in these islands. To calculate the total water demand of the islands inhabitants, this study assumes that each person uses 136 liter/day for guesthouses (based on [7] ) as there is no information on how much water being used in the islands. From the analysis, the water demand exceeded the total capacity of the existing rainwater tanks for all the islands. Table 3 also shows that the current water demand can only be sustained to a limit of 2-year low rainfall for Selingaan island and a 20-year low rainfall in the other two islands. The low recurrence interval in Selingaan island is due to the higher population number compared to the rest of the islands. The information in this table is very useful in estimating rainwater availability in each island during dry periods, specifically in Selingaan and Gulisaan, as these islands no longer have freshwater sources in their locality apart from rainwater. Furthermore, as this study found that there is a reduction of land mass from the ones reported in 1996, this in turn, may reduce the rainwater availability in these islands. Rainwater in Bakkungan Kechil can complement the groundwater supply which serves as the main freshwater source for this island's inhabitants. It is important to note in this study that the rainwater volume calculation during dry periods is only to indicate how much rain is available based on a given recurrence interval and its rainwater volume based on the size of each island. Generally, for rainwater harvesting system design, the maximum rainfall intensity is used. To have a much more accurate calculation of the rainwater volume, it is suggested that the total area of the rainwater harvesting roofs be used instead of the total land mass area of the islands.
Conclusion
The study on rainwater availability assessment in the Turtle Islands Park has brought out a lot of facts on the islands' sustainability and its impact to tourist development. From the analysis done using the islands' rainfall data, it is shown that the rainwater availability is affected by changes in Applied Mechanics and Materials Vol. 802the land mass (which serves as a catchment area) and the number of people inhabiting the islands. These findings may be able to aid the authorities involved in regard to the freshwater usage whilst planning to increase the number of stay-in tourists in near future. Since the water demand by the current inhabitants exceeds the capacity of the rainwater tank volumes, it is suggested that the number of the tanks be increased to reduce the dependence on groundwater sources for potable and non-potable use. If rainwater harvesting system is to be properly implemented, it is also recommended that this study is to be refined, by using total roof areas instead of the size of the islands' land mass and the incorporation of the maximum rainfall intensity in the design calculations. By using daily rainfall data instead of monthly interval, the rainwater availability analysis may also be improved. Overall, it can be concluded that the harvested rainwater can contribute to the islands' freshwater resources to supplement the depleting groundwater storage in the Turtle Islands Park.
